Loss of biological effect in prolonged fraction delivery.
The decrease of biologic effect if delivery of dose fractions takes more than a few minutes has been occasionally recognized in the literature but has been insufficiently studied. It has been recognized as a problem in the long exposures necessary for stereotactic radiotherapy and is also a potential problem in some applications of IMRT. Modeling repair rates is a complex function of dose per fraction, dose rate, half-times of repair, and nature of the tissue of interest (the alpha/beta ratio of intrinsic radiosensitivity to repair capacity). In this article, we model repair rates for a range of doses per fraction and draw conclusions. We review the data on half-times of repair in tissues in situ in animals and human patients and conclude that a single first-order (exponential) repair rate is no longer an appropriate assumption for most tissues. At least 2 half-times of repair, and perhaps a distribution of half-times, are required. The faster components have a median half-time of 0.3 h (range, 0.08-1.2 h), and the longer components have a median of 4 h (range, 2.4->6 h). Modeling repair rates by a two-component model is the simplest approach. We have used two models of repair to represent these ranges, one with equal proportions of 0.2 h + 4.0 h half-times, the other with 0.4 h + 4.0 h half-times of repair. Data are also reviewed on the few experiments that have been reported with cell culture that investigate this problem. Computations indicate that any fraction delivery that lasts more than half an hour might experience a clinically significant loss of cell-sterilizing effect. We suggest that a loss of more than 10% in biologically effective dose should be compensated for and show modeled doses and fraction durations for which this situation seems to be likely. It will be dose, tissue, and system dependent and will require more investigation at the clinical level. It is suggested that any radiotherapy schedule that requires more than half an hour for the delivery of 1 fraction should have careful records made and reported, to look for a possible decrease of biologic effect with fraction duration.